Abstract. Recently, traditional Chinese medicine has gained attention for its potential use as a chemotherapeutic agent. Pseudolaric acid B (PAB) is a diterpene acid isolated from Pseudolarix kaempferi and possesses antifungal, antimicrobial, antifertility and antiangiogenic properties. It was also reported that PAB may inhibit proliferation and induce apoptosis in various types of cancer. However, its effects on A549 lung cancer cells remain to be determined. The present study aimed to determine the potential roles of PAB in the proliferation and apoptosis of A549 cells. The results showed that PAB inhibited A549 cell proliferation in a time-and dose-dependent manner. Fluorescence microscopy results showed that cells treated with 20 µmol/l PAB for 24 h exhibited karyorrhexis and apoptotic body formation. In addition, A549 cells were treated with 5, 10, 20, 40 or 80 µmol/l PAB for 24 h and apoptosis was analyzed using Annexin-V/propidium iodide kit. The apoptosis rates were 8. 95, 18.71, 24.66, 35.02 and 43.64%, respectively, in PAB-treated cells and 0.80% in the control group. Furthermore, western blot analysis showed that PAB treatment upregulated the protein levels of Bax, Bad and downregulated Bcl-2 and Bcl-xl expression. In conclusion, PAB may serve as a potent chemotherapeutic agent against human lung cancer.
Introduction
Lung cancer is one of the most prevalent types of cancers worldwide and is the leading cause of cancer-related mortalities. Based on the GLOBOCAN 2008 estimates, lung cancer was the leading type of cancer in males, comprising 17% of total novel cancer cases and 23% of total cancer-related mortalities. The mortality rate for lung cancer among females in developing countries accounts for 11% of the total female cancer-related mortalities, second to breast cancer (1) . To date, surgery, radiotherapy and chemotherapy are the predominant treatment strategies for lung cancer; however, the efficacy of these therapies is limited and may result in a number of side effects. Over the past decade, the mortality rates of lung cancer remain high, with the 5-year survival rate <15% (2) . Therefore, investigating novel therapeutic targets is a demanding task.
In previous years, traditional Chinese medicine has drawn great attention for use as chemotherapeutic agents against malignant tumors. Traditional Chinese medicines have a number of advantages, including fewer side effects and combination treatment to increase efficiency (3, 4) . Diterpene acid is one of the numerous traditional Chinese medicines that has a long history of recordation and clinical application (5) . Diterpene acid has antiviral, anti-inflammatory, antitumor, antifungal and immunosuppressive effects (6) (7) (8) (9) . Pseudolaric acid B (PAB; Fig. 1 ) is a diterpene acid isolated from the root and trunk bark of Pseudolarix kaempferi and possesses multiple biological and pharmacological activities, including antifungal, antifertility, antitumor, anti-inflammatory and anti-angiogenic properties (10) (11) (12) (13) (14) (15) .
The antitumor effect of PAB has been confirmed in multiple cancer cell lines. In human HeLa cervical carcinoma cells, PAB promotes apoptosis via activating c-Jun N-terminal kinases (JNK), protein kinase C (PKC) and caspase-3, downregulating extracellular signal-regulated kinases (ERK) and Bcl-2 as well as upregulates the P53 and Bax proteins (16, 17) . In human melanoma A375-S2 cells, PAB inhibits proliferation and induces apoptosis by arresting the cell cycle at the G2/M checkpoint, upregulating P53 and Bax levels and downregulating expression of Bcl-2 and Bcl-xl proteins (18) . In human AGS gastric cancer cells, PAB inhibits cell growth in a time-and dose-dependent manner by arresting the cells at the G2/M phase, downregulating the CDC2 and Bcl-2 proteins and activating caspase-3 (19) . In Bel-7402 human hepatocellular carcinoma cells, PAB induces apoptosis through caspase-3 activation and cell cycle inhibition at the G2/M phase (20) . In MDA-MB-468 human breast cancer cells, PAB inhibits cell growth by downregulating the hypoxia inducible factor-1α protein (15) . In MCF-7 human breast cancer cells, PAB induced apoptosis by activating JNK, inactivating ERK and upregulating P21 and P53 protein expression (21, 22) . In murine fibrosarcoma L929 cells, PAB promotes proliferation, inhibits apoptosis and arrests the cell cycle at the G2/M phase by downregulating the Bcl-2 and CDC2 proteins (23, 24) . In HL-60 human leukemia cells, PAB inhibits proliferation and induces apoptosis by arresting cells at the G2/M phase of the cell cycle and activating of caspase-3 (25) . In DU145 hormone-refractory prostate cancer cells, PAB induced apoptosis by activating caspase-3 and -9 and downregulating Bcl-2 (26) . In U87 glioblastoma cells, PAB inhibits proliferation and induces apoptosis by arresting cell cycle at the G2/M phase, activating caspase-3, upregulating P53 and Bax protein and downregulating Bcl-2 (27) .
However, there have been no studies concerning the antitumor effect of PAB in A549 human lung cancer cells. In the present study, the potential roles of PAB in proliferation and apoptosis in A549 lung cancer cells were investigated.
Materials and methods
Reagents. Pseudolaric acid B (PAB, product no. 110880-200502), which was purchased from Liaoning North Yaojian Technology and Developing Company (Liaoning, China), was dissolved in dimethylsulfoxide (DMSO) and stored at -20˚C.
Cell culture. The A549 human lung cancer cell line was purchased from the American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 medium (Gibco-BRL, Carlsbad, CA, USA) supplemented with 10% fetal calf serum (Solarbio Science and Technology, Beijing, China). Cells were cultured in a 37˚C, 5% CO 2 /95% air environment. The medium was changed everyday and the cells were digested using 0.25% trypsin.
MTT assay. A549 cells (1.0x10 4 /well) were plated in 96-well plates and cultured overnight. Cells were incubated with 0, 5, 10, 20, 40 and 80 µmol/l PAB for 24, 48 and 72 h, respectively. Briefly, 10 µl of 5 mg⁄ml MTT (Sigma, St. Louis, MO, USA) solution was added to each well and incubated for 4 h at 37˚C, then the supernatant was removed and DMSO (100 µl) was added to dissolve the formazan crystals. Absorbance was measured at 570 nm with an enzyme-linked immunosorbent assay plate reader (Model 550, Bio-Rad, Hercules, CA USA). The experiment was repeated three times.
Assessment of morphological changes. A549 cells (5.0x10
5 ) were seeded on slides in a 6-well plate and cultured overnight. The cells were treated with 0.20 µmol/l PAB and incubated at 37.0˚C and 5% CO 2 for 24 h. Cells were washed with cold phosphate-buffered saline (PBS) twice, fixed with methanol and glacial acetic acid (3:1) for 15 min and stained with Hoechst 33342 for 30 min (Sigma). Morphological changes were observed using fluorescence microscopy (Nikon, Tokyo, Japan).
Assessment of apoptosis. Cells were treated with various concentrations of PAB (0, 5, 10, 20, 40 and 80 µmol/l) and incubated at 37.0˚C and 5% CO 2 overnight. Cells were collected, centrifuged at 155 x g for 5 min, washed twice with cold PBS and resuspended using 1X binding buffer, producing a final concentration of 1.0x10 6 cells/ml. Suspension buffer (100 µl) was transferred to a test tube, 5 µl Annexin V-fluorescein isothiocyanate (FITC) and 10 µl propidium iodide (PI) were added and mixed. Following 15 min staining at room temperature, another 400 µl 1X binding buffer was added. Cell Western blot analysis. Cells were treated with 0, 5, 20 and 80 µmol/l PAB solution for 24 h. The cells were then harvested (cell number, >5x10 6 /ml) and washed twice with cold PBS. Western blot analysis was performed. Briefly, the cell pellets were resuspended in lysis buffer at 4˚C for 1 h. Following centrifugation at 22,378 x g for 20 min (2K15C, Sigma), the supernatant was collected and stored at -80˚C. A total of 40 µg protein was separated using 10% SDS-PAGE and transferred to a polyvinylidene fluoride membrane (Millipore, Bedford, MA, USA). The membrane was blocked with 5% non-fat milk and incubated overnight at 4˚C with antibodies against Bcl-2 (1:500), Bcl-xl (1:500), Bax (1:1,000), Bad (1:1,000) (all Cell Signaling Technology, Inc., Beverly, MA, USA) and β-actin (1:500; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Following incubation with horseradish peroxidase-conjugated anti-mouse IgG (Santa Cruz Biotechnology, Inc.) at 37˚C for 2 h, proteins were visualized using enhanced chemiluminescence (Pierce Biotechnology Inc., Rockford, IL, USA) and detected using BioImaging Systems (UVP Inc., Upland, CA, USA).
Statistical analysis. The statistical package SPSS version 11.0 (SPSS, Chicago, IL, USA) was used for all analysis. All values are expressed as the mean ± standard deviation. Differences between groups were compared with Student's t-test and 
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P<0.05 was considered to indicate a statistically significant difference.
Results

Effect of PAB on proliferation of A549 lung cancer cells.
To detect the effect of PAB on the proliferation of A549 cells, the cells were treated with different doses of PAB ranging from 0, 5, 10, 20, 40 and 80 µmol/l for the indicated times (24, 48 or 72 h). The cell growth inhibition ratio was observed to increase with the PAB concentration and incubation time (Fig. 2) , suggesting that PAB significantly inhibits A549 cell growth in a dose-and time-dependent manner.
Effect of PAB on A549 cell morphology. Morphological changes were observed using fluorescence microscopy (Nikon). A549 cells treated with 20 µmol/l PAB for 24 h were stained with Hoechst 33342. Cells treated with 20 µmol/l PAB for 24 h exhibited karyorrhexis and apoptotic body formation following Hoechst 33342 staining (Fig. 3) . Morphologically, PAB is capable of inducing apoptosis in A549 cells. These results suggested that PAB induces A549 cell apoptosis (Fig. 4) .
Effect of PAB on the protein levels of Bcl-2, Bcl-xl, Bax and
Bad. To further investigate the mechanism of PAB-induced apoptosis, the protein levels of a number of Bcl-2 family members were examined. Bax and Bad protein levels were observed to increase and Bcl-2 and Bcl-xl protein levels were decreased following PAB treatment. These results indicated that, at the molecular level, PAB induces A549 cell apoptosis by regulating Bcl-2, Bcl-xl, Bax and Bad (Fig. 5) .
Discussion
The therapeutic potential of traditional Chinese medicine has been increasingly recognized by oncologists (3, 4) . PAB is a diterpene acid isolated from the root and trunk bark of Pseudolarix kaempferi and possesses multiple biological and pharmacological activities, including antifungal, antimicrobial, antifertility and antiangiogenic properties (10) (11) (12) (13) (14) (15) . It has been previously confirmed that PAB exhibits an antitumor effect by inducing apoptosis in various types of cancer (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Apoptosis is important in homeostasis maintenance through a balance between cell proliferation and cell death (28) . It is well established that cell apoptosis is closely associated with cancer development and progression (29) . The antitumor effects of a number of traditional Chinese medicines are based on their ability to induce apoptosis (30, 31) .
Bcl-2 family members are apoptosis regulators. Bcl-2 and Bcl-xl inhibit apoptosis while Bax and Bad promote apoptosis (32) . It is reported that a number of traditional Chinese medicines exhibit their antitumor effects by simultaneous upregulation of Bax and Bad and downregulation of Bcl-2 and Bcl-xl (33) (34) (35) .
In the present study, the effect of PAB on the proliferation of A549 cells was examined and it was observed that PAB significantly inhibits A549 cell growth in a time-and dose-dependent manner. In addition, the morphological changes induced by PAB were determined and it was identified karyorrhexis and apoptotic body formation following PAB treatment. Furthermore, the apoptosis rate using Annexin-V/PI staining was investigated and it was observed that PAB induced A549 apoptosis in a dose-dependent manner. Finally, the potential mechanisms by which PAB induces apoptosis at molecular levels were investigated and PAB was identified to upregulate pro-apoptosis Bax and Bad proteins and downregulate pro-survival Bcl-2 and Bcl-xl proteins.
In conclusion, PAB was shown to inhibit A549 cell proliferation in a time and dose-dependent manner. PAB induced apoptosis by the upregulation of Bax and Bad and downregulation of Bcl-2 and Bcl-xl. Thus, PAB may serve as a potent chemotherapeutic agent against human lung cancer.
